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1. 

MATERIAL FOR GAS SEPARATING MEMBRANE 

This application is a continuation of application Ser. 
No. 676,389 filed Nov. 29, 1984, now abandoned. 

This invention relates to a material for a gas separat 
ing membrane. 

It has been conventional practice to separate oxygen 
from air with a gas separating membrane useful in in 
combustion, therapy, fermentation, etc. 

Heretofore known as such gas separating membranes 
are those prepared from polydimethylsiloxane, natural 
rubber, ethyl cellulose, polyethylene, butyl rubber or 
the like. However, these known membranes are low in 
one or both of the permeability coefficient for oxygen 
and the separation coefficient defined by the following 
equations and are therefore not fully satisfactory. 

Permeability coefficient for oxygen 

L. 
S. T. AP K(O2) = 

where K(O2) is the permeability coefficient for oxygen, 
Q is the amount of oxygen having permeated through 
the membrane, L is the thickness of the membrane, S is 
the area of the membrane, T is time, and AP is the differ 
ence in partial pressure of oxygen between the inlet side 
and the outlet side. 
The permeability coefficient for nitrogen, K(N2), is 
defined in a similar manner. 

Separation coefficient 

a - 2 T K(N2) 

where a is the separation coefficient, K(O2) is the per 
meability coefficient for oxygen and K(N2) is the per 
meability coefficient for nitrogen. 
Unexamined Japanese Patent Publication No. 

92449/1983 discloses a gas separating membrane pre 
pared from a compound which is obtained by reacting 
ethyl cellulose or the like with perfluoroether group 
containing compound of the formula 
CF3CF2CF2OCF(CF3)COF. This gas separating mem 
brane was prepared in order to improve the perfor 
mance of the conventional membrane by eliminating the 
above drawback that it is low in one or both of the 
permeability coefficient for oxygen and the separation 
coefficient. Nevertheless, the disclosed membrane is 
susceptible to hydrolysis in the presence of water and 
therefore has the serious drawback of readily permitting 
removal of the perfluoroether group, i.e. the problem of 
low chemical stability. 
An object of the present invention is to provide a 

material for gas separating membrane which is great in 
both permeability coefficient for oxygen and separation 
coefficient. 
Another object of the invention is to provide a mate 

rial for chemically stable membrane for separating 
gases. 
These objects and other features of the invention will 

become apparent from the following description. 
The present invention provides a material for gas 

separating membrane comprising a fluorine-containing 
acrylate or methacrylate polymer or a crosslinked com 
pound which may be optionally crosslinked. 
The membrane for separating gases preapred from 

the material of the invention is great in both permeabil 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

2 
ity coefficient for oxygen and separation coefficient and 
exhibits outstanding performance. It is chemically sta 
ble, is not liable to hydrolysis in the presence of water 
and is free of other problems. 
According to the invention, the fluorine-containing 

acrylate or methacrylate polymer usually has a struc 
tural unit represented by the formula 

R 

-ch-- (F. F. 
COO(CH2)CFOCFCF)OCF, 

(a) 

wherein R is -H or -CH3, l is an integer of from 1 to 
3 and n is an integer of from 0 to 5, and/or a structural 
unit represented by the formula 

R 

-CH2- - 
COOCH2(CHX)(CH2)(CF2).X? 

(b) 

wherein R is as defined above, X1 is -H or -OH, X2 
is 

CF3 

-H, -F or -CF s 
N 
CF3 

p and q are each 0 or 1, and r is an integer of from 1 to 
10, 
The polymer may optionally have a structural unit 

represented by the formula 

R 

-CH-i- 
COOY 

(c) 

wherein R is as defined above, and Y is -H or a group 
represented by -(CH2)Yi (wherein Y is -COOH, 
-OH, 

-CH-CH2, -OC N3 or 
N / 
O 

O 

-OC-CH=CH y 

and s is an integer of from 1 to 5), in addition to the 
structural unit represented by the formula (a) and/or 
the structural unit represented by the formula (b). 
The fluorine-containing acrylate or methacrylate 

polymer can be obtained usually by homopolymerizing 
a monomer of fluorine-containing acrylate or methacry 
late represented by the formula 
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R 

COO(CH2)CFOCFCF)OCF, 

(d) 

wherein R, 1 and n are as defined above, or by the 
formula 

(e) 

wherein R, X1, X2, p, q and r are as defined above. 
Alternatively, the polymer can be prepared by copoly 
merizing the monomer of the formula (d) and the mono 
mer of the formula (e). It is also possible to prepare the 
polymer by copolymerizing the monomer of the for 
mula (d) and/or the monomer of the formula (e) with a 
functional group-containing monomer represented by 
the formula 

R 

CH 
COOY 

(f) 

wherein R and Y are as defined above. 
Besides such monomers, other ethylenically unsatu 

rated compound can be incorporated into the fluorine 
containing acrylate or methacrylate polymer as a copo 
lymerized component insofar as the properties, espe 
cially the permeability coefficient for oxygen and the 
separation coefficient, of the polymer are not impaired. 
Examples of useful ethylenically unsaturated com 
pounds are methyl methacrylate, methyl acrylate, eth 
ylene, trimethyl vinyl silane, vinyl acetate and the like. 
When the fluorine-containing acrylate or methacry 

late polymer of the present invention is to be prepared 
by copolymerizing the monomer of the formula (d) 
and/or the monomer of the formula (e) with the mono 
mer of the formula (f) or with the ethylenically unsatu 
rated compound, it is desirable to copolymerize at least 
about 70% by weight of the monomer (d) and/or the 
monomer (e) based on all the monomers so that the gas 
separating membrane to be formed will have a high 
permeability coefficient for oxygen without impair 
ment. It is more desirable to copolymerize about 80 to 
about 98% by weight of the monomer (d) and/or the 
monomer (e) with about 20 to about 2% by weight of 
the monomer (f). 
The polymer is obtained, for example, by solution, 

suspension, emulsion or bulk polymerization. Generally 
solution polymerization is resorted to because the poly 
mer then obtained need not be dissolved in a solvent 
again for the preparation of a gas separating membrane. 
Examples of solvents which are usually used for solu 

tion or suspension polymerization are those containing 
fluorine, such as m-xylene hexafluoride, 1,1,2-trichloro 
1,2,2-trifluoroethane, 1,2,4,4-tetrachloro-1,1,2,3,3,4- 
hexafluorobutane, and the like. These fluorine-contain 
ing solvents are usable as mixed with a hydrocarbon 
solvent such as acetone, methyl ethyl ketone, methyl 
isobutyl ketone, butyl acetate, ethyl acetate and the like. 

Examples of initiators useful for solution, suspension 
or bulk polymerization are organic peroxides such as 
benzoyl peroxide, dicumyl peroxide, tertiary butyl 
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4. 
peroxyisobutyrate and diisopropyl peroxydicarbonate, 
and azo compounds such as azobisisobutyronitrile and 
azobisisovaleronitrile. Examples of useful initiators for 
emulsion polymerization are oxidizing agents such as 
ammonium persulfate, potassium persulfate, and redox 
initiators comprising such an oxidizing agent, sodium 
sulfite or like reducing agent and iron (III) sulfate or 
like salt of transition metal. The polymerization initiator 
is used usually in an amount of 0.1 to 5% by weight 
based on all the monomers. 

Examples of useful emulsifiers for emulsion polymeri 
zation are sodium lauryl sulfate, perfluorooctanoic acid, 
polyethyleneoxide lauryl ether and the like. These 
emulsifiers are used in an amount of about 0.01 to about 
5% by weight based on the water used. 
The polymerization temperature is about 0' to about 

150° C. for any case of polymerization. 
The fluorine-containing acrylate or methacrylate 

polymer thus obtained according to the invention usu 
ally has a molecular weight ranging from about 10,000 
to about 5,000,000, preferably about 500,000 to about 
2,000,000, as measured by gel permeation chromatogra 
phy using polystyrene as the standard. 
The gas separating membrane of this invention is 

prepared by the following process. 
The fluorine-containing acrylate or methacrylate 

polymer prepared by one of the foregoing polymeriza 
tion processes is dissolved in one of the solvent exempli 
fied above with respect to the solution polymerization 
to obtain a polymer solution. When prepared by solu 
tion polymerization, the polymer is already in the form 
of a solution, which is used as it is, or is suitably concen 
trated or diluted before use. 
With or without addition of a crosslinking agent, the 

polymer solution is then applied to a smooth-surfaced 
plate of glass, metal or the like or to a porous substrate 
of polytetrafluoroethylene or the like by a conventional 
film forming method, for example, by bar coater, spin 
coater, dipping or Langmuir method to form a mem 
brane which is generally about 1 to about 50 um in 
thickness. When formed on the smooth-surfaced plate 
of glass, metal or the like, the polymer membrane is 
subjected to a crosslinking treatment when so required, 
peeled off the plate and used as a gas separating mem 
brane as fixed to a suitable substrate. Alternatively 
when formed on the porous substrate, the polymer 
membrane is treated for crosslinking when so required, 
and used as a gas separating membrane as adhered to the 
substrate. 
The crosslinking agent can be used to crosslink the 

polymer and give enhanced strength to the gas separat 
ing membrane to be formed when so required. The 
crosslinking agent can be used when the fluorine-con 
taining acrylate or methacrylate polymer contains one 
or more functional groups such as carboxyl, hydroxyl 
or epoxy, for example when a monomer of the formula 
(e) wherein X1 is -OH, or a monomer of the formula (f) 
is used as a constituent monomer. Examples of cross 
linking agents which are generally useful when the 
functional group is carboxyl are compounds having at 
least two amino groups such as ethylenediamine, hexa 
methylenediamine, triethylenetetramine and diaminodi 
phenylmethane; compounds having at least two epoxy 
groups such as butylene diglycidyl ether and bisphenol 
A diglycidyl ether; compounds having at least two 
isocyanate groups such as hexamethylene diisocyanate 
trimer and tolylene diisocyanate, etc. Examples of 
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crosslinking agents which are useful when the func 
tional group is hydroxyl are compounds having at least 
two isocyanate groups and exemplified above, and com 
pounds having at least two acid halides such as hexa 
methylene dicarbonyl chloride, adipoyl chloride, te 
rephthaloyl chloride and the like. Examples of cross 
linking agents which are usable when the functional 
group is epoxy are compounds having at least two 
amino groups and exemplified above, prepolymers of 
amino resins, methylolated melamine, etc. Also usable 
are Lewis acids, especially BF3, or compounds capable 
of producing BF3, such as 

which produces BF3 when subjected to the action of 
HCl or irradiated with light and BF3C2H5NH2 complex 
which forms BF3 when heated; acid anhydrides such as 
phthalic anhydride, maleic anhydride and the like. 
The amount of the crosslinking agent to be used is not 

always definite but is appropriately determined depend 
ing on the kind and amount of functional groups con 
tained in the polymer, kind of the crosslinking agent, 
etc. This judgment is well within the skill of the poly 
mer art. To fulfill the objects of the invention, the cross 
linking agent is usually used in an amount effective for 
consuming all the functional groups of the polymer, i.e., 
the equivalent amount based on the functional groups. 
However, lesser amount of the crosslinking agent may 
also give satisfactory results. Generally, when the 
amount is about 70 to about 150% by weight of the 
entire amount of the monomer (f), the resulting polymer 
can be crosslinked satisfactorily, giving improved 
strength to the gas separating membrane to be obtained. 
When the polymer contains azido group or cinnam 

oyl group as a functional group, the polymer is cross 
linked usually by irradiation with ultraviolet rays, far 
ultraviolet rays or sunlight instead of using any cross 
linking agent. 
For crosslinking, the polymer membrane formed on 

the aforementioned plate or substrate is allowed to 
stand at a temperature between room temperature and 
about 200 C. for about 30 minutes to about 7 days. 
The monomers of the formulae (d), (e) and (f) are 

known compounds and can be prepared by known pro 
CeSSeS. 

Given below are Preparation Examples and Test 
Examples of gas separating membranes according to the 
invention along with Comparison Examples. Each of 
the fluorine-containing acrylate or methacrylate poly 
mers prepared in Preparation Examples had a molecular 
weight of about 500,000 to about 2,000,000 as deter 
mined by gel permeation method using polystyrene as 
the standard. 

PREPARATION EXAMPLES 1-5 

A 100 g quantity of each monomer of fluorine-con 
taining acrylate or methacrylate listed in Table 1, 200 g 
of m-xylene hexafluoride and 1 g of azobisisobutyroni 
trile were placed into a glass autoclave and cooled with 
dry ice-methanol, followed by degassification. The au 
toclave was thereafter maintained at 60 C. to polymer 
ize the monomer with stirring for 24 hours. 
To the polymer solution obtained was added 200 g of 

m-xylene hexafluoride, and the mixture was thoroughly 
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6 
stirred. With use of a spin coater rotating at 2,000 rp.m., 
a 10 ml portion of the resulting solution was applied to 
a porous substrate obtained by stretching a polytetraflu 
oroethylene sheet, 60% in porosity, 0.1 to 1 um in the 
minor diameter of pores and 1 to 10 pum in major diame 
ter of pores. The coated substrate was then cut to a 
diameter of 150 mm to obtain a specimen of gas separat 
ing membrane. 

PREPARATION EXAMPLE 6 

The same polymerization procedure as in Preparation 
Examples 1-5 was repeated except that the monomer of 
fluorine-containing methacrylate and functional group 
containing monomer listed in Table 1 were used in a 
combined amount of 100 g. 
The resulting polymer solution was diluted to 20% 

by weight in the same manner as in Preparation Exam 
ples 1-5. Hexamethylene diisocyanate trimer was added 
to the diluted polymer solution in a ratio of 1.5 parts by 
weight per 100 parts by weight of the solution, and a 
membrane was prepared in the same manner as in Prep 
aration Examples 1-5. The membrane was thereafter 
allowed to stand at room temperature for 7 days to 
crosslink the polymer. 

PREPARATION EXAMPLE 7 

The same polymerization and membrane-forming 
procedures as in Preparation Example 6 were repeated 
with the exception of using the monomers listed in 
Table 1 and using 0.8 part by weight of hexamethylene 
diamine in place of 1.5 parts by weight of hexamethyl 
ene diisocyanate trimer. The polymer was crosslinked 
at room temperature for 3 days. 

PREPARATION EXAMPLE 8 

The same polymerization procedure as in Preparation 
Examples 1-5 was repeated except that the monomer of 
fluorine-containing methacrylate and functional group 
containing monomer listed in Table 1 were used in a 
combined amount of 100 g. 
The resulting polymer solution was diluted and made 

into a membrane in the same manner as in Preparation 
Examples 1-5. The crosslinking reaction was conducted 
in BF3 gas at 25 C. for 3 hours. 

PREPARATION EXAMPLE 9 

The same polymerization procedure as in Preparation 
Examples 1-5 was repeated except that the monomer of 
fluorine-containing methacrylate and functional group 
containing monomer listed in Table 1 were used in a 
combined amount of 100 g. 
The resulting polymer solution was diluted and made 

into a membrane in a dark room in the same manner as 
in Preparation Examples 1-5. The crosslinking reaction 
was conducted by exposing the coating to sunlight at 
25 C. for 3 days. 

PREPARATION EXAMPLE 10 

A thin polymer coating was formed on a glass plate in 
the same manner as in Preparation Example 1 with use 
of the same diluted solution as used in Preparation Ex 
ample 1. The glass plate was placed into water after 
drying the coating, and the polymer coating was re 
moved to obtain a specimen of gas separating mem 
brane. 
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PREPARATION EXAMPLES 11 AND 12 

In the same manner as in Preparation Example 6, the 
monomer of fluorine-containing acrylate and functional 

8 

SH. F. 
CH2=CCOOCH2CFOC3F, 

(i) 

group-containing monomer listed in Table 1 were copo- 5 CH3 CF3 CF3 (ii) 
lymerized in a combined amount of 100 g, and the co 
polymer was made into a membrane and crosslinked. CH2=CCOOCH2CFOCFCFOCF, 

PREPARATION EXAMPLES 13 AND 14 fH, (F. F. (iii) 
The monomer listed in Table 1 was polymerized in 10 CH2s CCOOCH2CF(OCF2CF)2OC3F, 

the same manner as in Preparation Examples 1-5, and CF F 
the polymer was made into a membrane and crosslinked H. fr; f 3 (iv) 
in the same manner as in Preparation Example 6. CH2=CCOOCH2CF(OCF2CF)3OC3F, 

TEST EXAMPLES 1-14 15 SF, f (v) 
The membrane specimens prepared 3S above were CH2=CHCOOCH2CF(OCFCF)2OCF, 

tested for permeability coefficients for nitrogen and 
oxygen and separation coefficient under the following CH2CHCOOCH2CE).H (vi) 
conditions according to ASTM D 1434 (V method). CH2=CHCOOCH2CH2(CF)4F (vii) 
Gas used: standard mixture of 79 vol.% of nitrogen 20 OH (viii) 

and 21 vol.% of oxygen 
Test pressure: inlet pressure 5 kg/cm2 (absolute outlet CH2=CHCOOCH2CHCH2(CF2)F 

2 pressure 1 kg/cm (absolute) OH CF3 (ix) 
Amount of permeation of gas: 4 cc / 
Testing time: time taken for the permeation of gas 25 CH2=CHCOOCH2CHCH2(CF)2CF 

(sec.) through the membrane specimen CF3 
Area of membrane: 135 cm2 
Thickness of membrane: Value obtained by measur- fH, (x) 

ing the weight of the polymer on the substrate and CHECCOOCH2CH2OH 
dividing the weight by the area of the polymer fixed to 30 2 22 
the substrate and the specific gravity of the polymer CH3 (xi) 
The composition of the gas which had permeated CHE COOH 

through the membrane was analyzed by gas chromatog- 2 
raphy. The "permeability coefficient” given in Table 1 CH3 (xii) 
is the permeability coefficient for oxygen and the unit 35 
thereof is cc-cm/(cmHg sec-cm2). CH=ccooch.cr. 2CH, 

COMPARISON EXAMPLE 1. O 

The same polymerization, membrane-forming and SH: (xiii) 
crosslinking procedures as in Preparation Example 6 40 CH2=CCOOCH2CH2OOC N3 
were repeated except that the copolymerization ratio of 
the monomers was changed to the value listed in Table 
1. The membrane was then tested in the same manner as 
above. 

Table I also shows the test results obtained. 45 PREPARATION EXAMPLE 5 

TABLE 1 
Monomer of 

fluorine- Functional Copolymer- Thickness 
containing group- ization of Permeability 

Preparation acrylate or containing ratio membrane coefficient Separation 
Example methacrylate monomer (by wit.) (um) (x10-10) coefficient 

None 100/0 4.8 48 3.0 
2 None 100/0 4.6 37 3.6 
3 11 None 100/0 4.8 45 3.5 
4. V None 100/0 5.1 80 4.1 
5 w None 100/0 4.1 65 3.8 
6 iii 90/10 5.3 35 3.6 
7 iii xi 90/10 S.1 40 3.5 
8 xii 90/10 5.0 46 3.5 
9 11 xiii 98/2 4.7 20 5.4 
10 l None 100/0 4.7 59 3.6 

wi K 90/10 5. 28 3.8 
12 wi 90/0 4.3 34 3.3 
13 viii None 100/0 4.6 41 3.7 
14 ix None 100/0 5.3 43 3.6 

Comp. Ex. 1 iii X 50/50 4.9 0.6 3.6 

The symbols i to xiii in Table 1 stand for the follow 
ing monomers. 

A gas separating membrane was prepared in the same 
manner as in Example 9 except that 75 g of the mono 
mer of the formula (i), 20 g of the monomer of the 
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formula (ix) and 5g of the monomer of the formula (xiii) 
were used. The resulting membrane had a thickness of 
6.2 um. The membrane was tested in the same manner 
as in Test Examples 1-14. The permeability coefficient 
for oxygen thereof WaS 32X 10-10 
cc.cm/(cmHg sec-cm) and the separation coefficient 
thereof was 3.4. 

COMPARISON EXAMPLE 2 

Table 2 shows the permeability coefficients for oxy 
gen and separation coefficients of conventional gas 
separating membranes, as determined in the same man 
ner as in Test Examples 1-14. 

TABLE 2 
Permeability Separation 

Material of membrane coefficient coefficient 

Polydimethylsiloxane 352 1.94 
Natural rubber 23 2.46 
Ethylcellulose 15 3.31 
Polyethylene 2.9 2.98 
Butyl rubber 1.3 4.00 

In Table 2, the unit of "permeability coefficient' is 
10-10 cc-cm/(cmHg-sec-cm2). 

COMPARISON EXAMPLE 3 
(A) Forty-five grams of ethyl cellulose (ethoxylation 

ratio: 49%) was dissolved in 400 ml of dry methylene 
chloride at room temperature. To the solution were 
added 56 g of dry pyridine, and then 97 g of a com 
pound of the formula CF3CF2CFOCF(CF3)COF with 
stirring. The stirring was continued for 5 hours. The 
resulting mixture was poured into a mixture of methanol 
and water (70:30) to precipitate a solid. The solid thus 
formed was separated, and dissolved in 1 liter of ace 
tone. Then the resulting solution was poured into a 
mixture of methanol and water (70:30) for reprecipita 
tion. The precipitate thus formed was filtered, air-dried 
and further dried under reduced pressure at 90° C. 

(B) The dry solid was dissolved in acetone to prepare 
a solution of 10% by weight. The solution was applied 
to a porous substrate of polytetrafluoroethylene. The 
coating was heated at 50 C. for 18 hours, giving a 
membrane having a thickness of 19 um. 

(C) The membrane thus obtained was immersed in a 1 
wt.% aqueous solution of sodium carbonate for 1 week. 
Thereafter infrared absorption spectrum was measured. 
It was revealed that the absorbance of OH groups had 
increased by three times, indicating the elimination of 
the fluorine-containing groups. 
(D) The same procedure as in (C) above was repeated 

except that the membrane of the invention prepared in 
Preparation Example 6 or 14 was used. The infrared 
absorption spectra did not show any increase in the 
absorbance of the OH groups, even after the membranes 
were immersed in a 1 wt.% aqueous solution of sodium 
carbonate for 1 week, indicating that the membranes 
obtained in Preparation Examples 6 and 14 were resis 
tant to hydrolysis. 
We claim: 
1. In a method of separating oxygen from air with a 

gas separating membrane, the improvement wherein the 
gas separating membrane is one which has high permea 
bility coefficient for oxygen and high separation coeffi 
cient, and which is prepared from a fluorine-containing 
acrylate or methacrylate polymer comprising: 
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10 
(i) 70 to 100% by weight of a structural unit repre 

sented by the formula 

(a) 

-CH-i- f f 
COO(CH2)CF(OCF2CF)OCF, 

wherein Ris-H or -CH3, 1 is an interger of from 1 to 
3 and n is 0 or an interger of from 1 to 5, and/or a 
structural unit represented by the formula 

R 

CH 
COOCH2(CHX)(CH2)(CF2),X2 

(b) 

wherein R is as defined above, X1 is -H or -OH, X2 
is -H, -For-CF(CF3)2, p and q are each 0 or 1, and 
r is an interger of from 1 to 10, and 

(ii) 0 to 30% by weight of a structural unit repre 
sented by the formula 

R 

-CH,-- 
COOY 

(c) 

wherein R is as defined above, and Y is -H or a group 
represented by -(CH2)Yl (wherein Y1 is -COOH, 
-OH, 

-CH-CH2, -OC N3 or 
N / 
O 

o 
mOC-CHECH 

and s is an interger of from 1 to 5). 
2. A method as defined in claim 1 wherein the poly 

mer is a copolymer comprising about 80 to about 98% 
by weight of the structural unit of the formula (a) and 
/or the structural unit of the formula (b) and about 20 to 
about 2% by weight of the structural unit of the formula 
(c). 

3. A method as defined in claim 1 wherein the poly 
mer consists essentially of the structural unit of the 
formula (a) and/or the structural unit of the formula (b). 

4. A method as defined in claim 1 wherein the poly 
mer contains one or more functional groups derived 
from the structural unit of the formula (c) and/or the 
structural unit of the formula (b) wherein X1 is -OH 
and p is 1, and selected from the group consisting of 
hydroxyl, carboxyl and epoxy, the functional groups 
having been aleady crosslinked by a crosslinking agent 
capable of crosslinking the functional groups, and the 
crosslinking agent being a compound having at least 
two amino, epoxy or isocyanate groups when the func 
tional group is carboxyl; or being a compound having at 
least two isocyanate or acid halide groups when the 
functional group is hydroxyl; or being a compound 
having at least two amino groups, prepolymers of 
amino resins, methylolated melamine, BF3, a compound 
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capable of producing BF3 or an acid anhydride when 
the functional group is epoxy. 

5. A method as defined in claim 1 the crosslinking 
agent is ethylenediamine, hexamethylenediamine, tri 
ethylenetetramine, triethylenetetramine, or diaminodi 
phenylmethane, butylenediglycidyl ether, bisphenol A 
diglycidyl ether, hexamethylene diisocyanate trimer or 
tolylene diisocyanate when the functional group is car 
boxyl; or hexamethylene diisocyanate trimer, tolylene 
diisocyanate, hexamethylene dicarbonyl chloride, adip 
oyl chloride, terephthaloyl chloride when the func 
tional group is hydroxyl; or ethylenediamine, hexa 
methylenediamine, triethylenetetramine, triethylenetet 
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12 
ramine, diaminodiphenylmethane, prepolymers of 
amino resins, methylolated melamine, BF3, 
C6H5-N=NBF4, BF3C2H5NH2, phthalic anhydride 
or maleic anhydride when the functional group is ep 
Oxy. 

6. A method as defined in claim 1 wherein the poly 
mer contains one or more functional groups derived 
from the structural unit of the formula (c) and selected 
from the group consisting of azidobenzoyloxy and cin 
namoyloxy, the functional groups having been already 
crosslinked by irradiation with ultraviolet rays, far ul 
traviolet rays or sunlight. 

sk 


